The hydroethanolic extract of Crataegus monogyna was studied for its chemical constitution and angiotensin-converting enzyme (ACE) inhibitory activity. The extract contained triterpenic acids, flavonoids and coumarins. The ACE inhibitory activity was studied using captropril, as a control drug, and oleanolic acid, as a constituent of the hydroethanolic extract and a member of the triterpenic acid group. The hydroethanolic extract and oleanolic acid showed higher IC 50 values (335.00 µg/mL and 3.61 µM, respectively) in comparison to captopril (46.9 nM). However, these results indicate the anti-ACE activity of oleanolic acid and the triterpenic acids, which has not been demonstrated earlier for hawthorn extracts. In previous studies, the ACE inhibitory activity of C. monogyna extracts was always attributed to flavonoids and proanthocyanidins.
Crataegus monogyna Jacq. (May, Quick or Common Hawthorn) is a deciduous spring flowering shrub, belonging to the Rosaceae family. Hawthorn species store several constituents, most of which are either pharmacologically active or have a nutritional value. Amongst these bioactive groups of compounds are the triterpenic acids (crataegolic, ursolic and oleanolic acids), flavonoids (quercetin and glycosides, quercitrin, vitexin and glycosides, rutin, apigenin and epicatechin), coumarins (esculine), proanthocyanidins (proanthocyanidin A-2, procyanidins B-2, B-5 and C-1) and amines (di-and trimethylamine, ethanolamine, ethylamine) [1, 2] . Triterpenic acids have been extracted with 96% ethanol [3] , 50% ethanol [1] , as an acid-ether extract [3] , and as a tincture of C. monogyna [4] .
In vitro and clinical studies have shown the effectiveness of hawthorn in the control and treatment of several cardiovascular conditions, mainly angina pectoris and myocardial infarction [5] , heart failure [6] , arrhythmias [7] , atherosclerosis [8] , and hypertension [9] . In 1927, Baechler reported that the effective constituent of the fruits was crataegus acid, which was later found to be a mixture of triterpenic acids [1] . Schimert asserted that these carboxylic acids were responsible for the coronary dilating effects of hawthorn, though several later investigations failed to support his claim [10] . Other species, Ganoderma lucidum [11] and Schinus molle [12] have been studied for the ACE inhibitory activity of triterpenic extracts.
The antihypertensive activity of C. monogyna has been studied in vitro using an Angiotensin Converting Enzyme (ACE) inhibitory assay. Phenolic acids showed no significant ACE-inhibition, whereas flavonoids and proanthocyanidins demonstrated inhibitory activity at 0.33 mg/mL using the same test system [13] .
Previous observations have shown that high ACE levels within the human body lead to a high concentration of Angiotensin II. This in turn leads to vascular hypertrophy [14] and alterations in the smooth muscle cell structure, function and growth, which are the major factors in the pathogenesis of myocardial dysfunction, atheroscleorosis, hypertension and diabetic glomerulosclerosis.
There are a number of methods used to quantify ACE activity and subsequent inhibition by active metabolites. Such assays make use of tripeptides that are cleaved to a dipeptide and labeled peptide. These include hippuryl-L-histidyl-L-leucine, which can be quantified either spectrophotometrically at 228 nm [20] [21] [22] or by high performance chromatography [23] . Additionally, ACE activity may be quantified using N- [3-(2- 
, either spectrophotometrically at 340 nm [24] [25] , in microtitre plate format [26] or by reverse phase high performance liquid chromatography [27] . ACE activity is also determined fluorometrically by using the fluorophore-labeled tripeptide, dansyltriglycine [28] .
This present study was carried out to determine the presence of metabolites within the hydroethanolic extract of C. monogyna and to determine the involvement of triterpenic acids in the antihypertensive activity of this plant extract. The qualitative phytochemical analyses demonstrated the presence of triterpenic acids, flavonoids and coumarins in the hydroethanolic extract, which is typical [1, 3] . Catecholamines are more likely to be present in glycerethanolic extracts, as obtained by Occhiuto and co-workers [29, 30] , who investigated these in young shoots, leaves and flowers. Therefore, this confirms the absence of catecholamines in hawthorn fruit. Figure 1 shows the activity of captopril, oleanolic acid and the hydroethanolic extract on the ACE-FAPGG reaction. The extracts inhibited the ACE activity in a concentration-dependent manner and the relationship between concentration of captopril and inhibition of ACE activity in vitro was reasonably described by a Langmuir-type equation. Captropril proved to be effective, in inhibiting ACE activity, at relatively lower concentrations than for oleanolic acid and the hydroethanolic extract. This was eventually confirmed by the IC 50 of the three treatments (Table 1) , where captopril showed a median inhibitory concentration at nM concentrations, as compared to the other two. Oleanolic acid and the hydroethanolic extract exhibited a sharp rise in ACE inhibition at concentrations above 2 µM (0.91 µg/mL) and 44 µg/mL (p<0.001 and p<0.01, v=30), respectively. In the case of captopril, a high activity against ACE was exhibited at concentrations above 0.2 µM (0.043 µg/mL, p<0.001, v=30). In spite of this, the rate of inhibition for the three treatments (Table 1) did not show any significant difference (p>0.05, v=11). Captopril was selected as the control ACE inhibitor as it is not a prodrug and hence does not need either activation or breakdown to exert its action [31] . It is also a first line ACE inhibitor for in vitro setups [32] . The median inhibitory concentration of captopril is within the nM range, as in previous studies [33] [34] [35] . This drug has five ligands that can bind to the ACE [34] , with the carbonyl group being the most important. Oleanolic acid exhibited a lower inhibitory activity than captopril for the fact that it contains a smaller number of ligands, but it offers a greater steric hindrance due to its triterpenoid backbone. The ligands for oleanolic acid are presumably the C 28 carboxy and the C 3 hydroxyl functional groups. Oleanolic acid has been found to interact with several other proteins and enzymes. These include human DNA ligase I [36] , cylcoxygenase-2 (COX-2) enzyme [37] , human endothelin 1 ET A , angiotensin II AT 1 receptors [38] , and human leucocyte elastase [39] . The latter suggested the C 28 carboxy group as being the active ligand. The hydroethanolic extract showed a lower inhibitory activity compared to oleanolic acid and captopril. In the present study, the anti-ACE activity of the hydroethanolic extract goes in accordance with that of the flavonoids and proanthocyanidins from C. monogyna [13] . Considering the concentration of oleanolic acid in the extract, it was evident that this triterpenic acid contributed to only a relatively small degree of the inhibitory activity. With the overall results obtained in this study and from the cited literature, the authors suggest the possible, though minor, role of triterpenic acids in the inhibition of ACE activity of hawthorn hydroethanolic extracts. In conclusion, this in vitro assay gives a preliminary safety profile for hawthorn fruit and the resultant hydroethanolic extract, for mild antihypertensive activity, as used in traditional medicine [45] .
Experimental
The fruits of Crataegus monogyna were collected in mid-October 1998 from Wied Qirda, Qormi, Malta. The specimen was authenticated by the botanist of the Faculty of Science, University of Malta, and a voucher specimen was deposited at the Institute of Agriculture, University of Malta.
Dried powdered fruit of C. monogyna (300 g) was percolated with 1000 mL of 50 % ethanol [1, 38] in a Soxhlet extractor, at 30 ± 2 °C, until exhaustion. The hydroethanolic extract was reduced in volume under reduced pressure and subjected to partitioning with an equal volume of diethyl ether [41] . The ethereal fraction was evaporated to dryness under reduced pressure with a percentage yield of 4.43% (w/w).
An aliquot of the hydroethanolic extract was subjected to qualitative analysis for several metabolite classes, including triterpenic acids and more specifically, oleanolic acid. The presence of triterpenic acids, flavonoids, catecholamines and coumarins was tested for using colorimetric assays [42, 43] . Oleanolic acid was purified using thin-layer chromatography, employing toluene, acetone and acetic acid (100:3:0.07) as mobile phase [43] . where "Corrected sample ∆A" is the absorbance difference between the times 0 and 10 min values for treated samples and the "Mean corrected calibrator ∆A" is the absorbance difference between the times 0 and 10 min values for the ACE calibrator. Percentage ACE inhibition values were obtained from the calculated ACE activities.
Data are means ± S.E.M. Numerical data were analyzed using the BMDP/DYNAMIC (v 7.0) (Cork, Ireland) statistical package for one-way analysis of variance (ANOVA), the Bonferroni post-hoc test for comparison of means with the control, one-way analysis of co-variance (ANCOVA) and two-tailed adjusted means T-test. Differences were considered statistically significant at a P value <0.05.
